I. INTRODUCTION
The stochastic channel models usually provide only the large-area-average of the channel's attributes and the small-area-average or the at-a-single-location values can not be predicted. This is because the information of environment is not used in this approach. On the other hand, in the deterministic approach enormous databases of the environment information need to be established in order to achieve a correct prediction and also the computation cost is high. Other important disadvantages are that such tools do not account for the diffuse scattering component and also the scattering from objects in the environment is not considered. Both of these effects however were proved to be significant in mobile communication scenarios [1] , [2] , [3] . To include the diffuse scattering component in the propagation prediction tools, radiosity or deterministic modeling of the diffuse component was employed [4] , [5] , [6] . The improvements however are in the expense of an increase in the computation cost. At present, considering the scattering from objects in the deterministic models however seems formidable due to lack of suitable databases and reliable models. In the so called geometry-based stochastic channel model (GSCM), an intermediate approach between stochastic and deterministic, the statistical distribution of the scatterers are prescribed [7] . Advantages are its immediate and transparent relation to the physical phenomenas, and the straight forward implementation. The shape and size of the scattering-power-distribution (SPD), or equivalently scattering distribution plus scattering coefficients, required to achieve a reliable simulation of the propagation phenomenas however is subject to debate [8] . Many GSCMs were introduced during last decade, however for small cell scenarios the elliptical GSCM is the most popular [9] , [10] . This is because in such scenarios as the BS antenna height is lower than surrounding buildings, scattering can occur around BS as well as MT. In this paper, we introduce a channel model for the LoS street microcell scenario, which is a GSCM model in the format of a two dimensional SPD. The proposed model, outlined based on propagation mechanisms in the street microcell, can reproduce the spatio-temporal attributes of the channel with a high precision, in a simple form and compatible to previous models for such scenarios. The power-delay-profile (PDP) prediction was preiously shown in [11] , here the environment information is used to predict precise small-area-average or at-a-single-location values of the APS. The SPDs are defined not only for the building zone but also for the street zone to account for the scattering from objects within the street and the diffuse scattering is inherent in the definition of the SPDs. Furthermore, it is shown that far-clustering and shadowing can be simulated by simple extensions in the SPD definition. The reader is notified that in this paper the term scattering is used to refer to any kind of interaction of the propagation path to the channel including specular reflection, diffuse scattering or diffraction, and accordingly scatterer means the interacting object. In the following, the physical description of the model and the proposed SPD are described in section II. The implementation issue of the model is discussed in section III and in section IV the measurement campaign is introduced. In section V, the site-specific information is used to obtain the SPD parameters for deriving small-area-average values of APS matching closely to the measured data. Section VI is the summary.
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II. LOS MICROCELL CHANNEL MODEL
The schematic of a two dimensional street microcell propagation channel scenario is shown in Fig. 1 , where LoS component and examples of single-, double-and triple-scatterings are illustrated. In a wireless scenario for which the propagation channel experiences multiple-scatterings each received propagation path encounters a loss equal to:
Here L p is the total path loss, L s is the scattering loss and L f is the free space path loss. Based on the interactions between the propagation path and the interacting objects in the channel, specular reflection, diffuse scattering or diffraction, L f dependence to the propagation path length varies.
If all interactions are specular reflection:
in which l p is the path length for the propagation path p, A 0 is a constant dependent to the operating frequency and the free-space path loss exponent is 2. To satisfy the assumption of specular reflection, all interacting objects need to be large compared to the operating wavelength and the interacting surface must be smooth. Although this is not the case in most interactions in the street microcell we use this assumption to simplify the simulations. It is noticed that as path loss is less significant compared to the scattering loss in such scenarios, this assumption does not make any significant error. The scattering loss L s depends on the number and type of interactions as well as material and size of the interacting object and can be expressed as:
where C s is the scattering loss constant with an absolute value less than one, i is the number of scatterings, and A s is constant. In a street microcell for which the BS antenna height is lower than surrounding buildings multiplescattering is the dominant propagation micromechanism. This is because the electromagnetic waves are confined in the street canyon, that is i tends to increase. On the other hand BS to MT distance is relatively short so that path loss is inferior to the scattering loss. It can also be imagined that in such scenarios i is proportional to the path length, that is, the longer the path the larger the number of scatterings a path may encounter. This argument is consistent with the one used for the indoor channel where the propagated waves are confined inside the room space, thus electromagnetic waves bounce walls, floor and ceiling frequently. Consequently multiple-scattering loss is dominant and path loss can be neglected [12] . A street canyon is different from an indoor environment in the sense that it is open toward sky and along street in both directions. However for a two dimensional analysis, e.g. the plane containing BS and MT, the propagation mechanism is very similar to indoor channel. It is observed that in this method the location of the scatterer is stochastic whereas the contribution of each scatterer to the channel is calculated deterministically. In this sense, the GSCM is an intermediate step between deterministic and stochastic approach. In this paper we propose a model which is a step closer to the deterministic approaches by considering site-specific information in the SPD definition. Specifically, we divide the environment into several zones according to the information from the specific site and then the scatterers in each zone are assumed to be statistically distributed according to an SPD in format of (1). It is notable that the SPD provides the power of each scatterer in the environment which is the inverse of scattering loss L s . The advantage of the site-specific definition of the SPD compared to the previous GSCM is that the at-a-single-location values of the spatio-temporal attributes of the channel can be obtained for each specific location. Compared to purely deterministic site-specific models only rough information of the environment as buildings size and orientation suffices. Furthermore by an appropriate definition of SPD, the model can reflect the diffuse component and the scattering from objects in the environment. Finally, it is observed that the computation cost is much lower than ray-tracing algorithms.
Once defining a GSCM an important factor is whether the model shall consider the multiplescattering or only single-scattering is adequate. Although most geometrical channel models are single-bounce models which accounts only for single-scattering, in a street microcell a model which accounts only for single-scattering is by no means sufficient. Recently, in [13] a double-scattering model was introduced by coupling the scatterers around BS and MT, also COST 273 model incorporates multiple-scattering by introducing a twin cluster linked by stochastic means [14] . In a street canyon however, because of particular shape of the environment, it is most convenient to account for the multiple-scattering by introducing equivalent virtual single-bounce scattering in the SPD. This is however restrictive as the position of a scatterer completely determines AoA, AoD and delay which means only two of these parameters can be chosen independently and therefore in each time instant the directional channel attributes can be reproduced for only one link end. On the other hand the especial structure of a street microcell scenario imposes that the channel is symmetrical and the proposed model can be applied to each of the link ends. The presumptions for the proposed model are as follows:
a) BS and MT are in the same street, and therefore the scenario is line-of-sight (LoS).
b) Propagation channel is two dimensional, that is BS, MT and the scatterers are assumed in the same plane. This is a regular assumption for many geometry-based models.
c) BS and MT antenna heights are lower than surrounding buildings.
In a street canyon, it is observed that the single-bounce locus of multiple-scatterings from the building walls are bands parallel to the street walls [15] . In Fig. 2 the equivalent single-bounce location for a double-scattering and a triple-scattering path are drawn. To clarify the model parameters dependence to the environment a coordinate system is defined whose center is in the middle of the street in equal distances to BS and MT. The abscissa is defined along street and the ordinate is the horizontal axis perpendicular to the street direction. The triple-scattering single-bounce equivalent S 3 is always around 2|y w | away from the street wall inside the building zone where y w is the street wall ordinate, that is 2|y w | is equal to the street width. In addition, the locus of double-scattering single-bounce equivalent S 2 is usually in a distance less than 2|y w | from street walls. In fact it is straight forward to show that for a single-bounce two dimensional SPD, the number of scatterings for each point i increases linearly with the absolute value of y. Furthermore some scatterings happen in the street zone due to interactions of propagation waves and existing objects in the environment [3] . As the scattering from objects is more likely for the closer objects to the link ends, the scattering distribution is expected to decrease along x axis proportional to the absolute value of x but in a slower rate compared to those along y axis. Therefore a similar phenomena along the street is expected but with a lower rate compared to the building zone. Consistent to the physical description of the propagation mechanism in a street canyon and also according to the analysis of the measurements data in such environments, we define distinct SPDs for the street zone and the building zone. These are defined according to (3) to account for multiplescattering. The model is not complete however before considering the LoS component which is the most significant propagation micromechanism in the LoS scenarios. Here the LoS is modeled as a small region around the BS (assumed transmitter) in the two dimensional channel, and not a single strongest path, due to the finite delay and angular resolution of the receiver (MT) system and antennas. Thus the region should be the spatial resolution bin including the BS location. We approximate the LoS zone as a circular disc whose center is BS in which the scattering power decreases exponentially from a maximum value along the radial lines. The exponential power distribution approximates the directive antenna beam pattern and we assume that similar trend exists for the delay domain as well. The SPD in the LoS zone P L , the SPD for the street zone P S and the SPD for the building zone P B are defined as:
where l L is the radius of the LoS zone, l B = (x − x B ) 2 + (y − y B ) 2 and (x B , y B ) are the coordinates of the BS. Also α L is the coefficient contributed to the LoS zone and α x and α y are coefficients along x and y axes respectively and A L , A S and A B are constants. The SPDs give the power degradation due to scattering only, and the free space path loss will be multiplied in the channel simulations and parameter computations according to (1) . The proposed SPD has several advantages in contrast to previous propagation models for the street microcell. It is merely based on the physical mechanisms in the channel while the simplicity is preserved. It accounts for multiple-scattering, specifically it can reflect the diffuse component as well as specular reflections. In fact the proposed model not only reflects the diffuse scattering from the building walls, but also accounts for the scattering from objects in the environment whose significance in the urban areas was clarified in our previous work [3] . The proposed model is also consistent to the previous models, for instance, by assuming constant scattering loss it reduces to elliptical GSCM [9] and by considering same coefficients for the SPDs in the street and building zones it converts to sublayer elliptical GSCM [10] . As the model is postulated on the physical phenomena in the channel, it can be easily extended further to account for more complicated mechanisms. In this paper, we introduce an extension of (4) to account for propagation micromechanisms in an irregular street microcell environment. By irregular we specifically mean a street with buildings protruding considerably into the street, existing open grounds along the street or existing wide crossing roads. In such a scenario, in addition to the previously discussed micromechanisms, effects such as far-clustering and shadowing significantly influence the channel. Thus defining two SPDs for the building and street zones along the environment can not reflect characteristics of the complex layout of the measurement. Instead we divide the area into smaller subregions based on the structure of the environment and the SPD coefficients are selected according to the situation of the subregion relative to the BS-MT scenario, if it is shadowed or illuminated. To accomplish this, information of the measurement scenario layout are being employed, thus it is a kind of site-specific modeling.
III. IMPLEMENTATION
In the GSCM approach, the configuration of the channel, e.g. the scatterer distribution relative to the BS and MT locations are first chosen and then actual positions of the scatterers must be fixed based on the the selected geometry. In the conventional implementation, locations of scatterers are chosen according to a certain PDF, whereas the scattering loss is the same for all scatterers which is equivalent of having identical scatterers all over considered geometry. In an alternative implementation, scatterers are assumed to be uniformly distributed in the whole relevant area, and then the scattering loss is weighed according to the presumed distribution. Obviously this can be interpreted as scatterers with different scattering cross sections [7] . This latter approach is advantageous as it better matches to the physical phenomena in the channel and facilitates the site-specific implementation of the model discussed in section V. Once the position of scatterers is known, the angle-resolved impulse response can be computed by a simple ray-tracing, i.e. the incident rays from all scatterers are superimposed. This is easily applicable with the implicit single-bounce assumption. In Fig. 3 coordinates of the proposed model are demonstrated in which the origin of axes is always in the middle of the street with equal distances to the BS and MT according to the physical phenomena in the channel. To obtain the received power in the direction φ i , the conributions of all scatterers located in the subregion limited to the radial lines φ i − ellipses for which ∆τ is the delay resolution. Here it is assumed that scatterers are uniformly distributed all over the channel and the scattering loss (or scattering power) is according to (4) . This is implemented by defining a grid (x, y) with the size of (∆x, ∆y) for which the contribution to the channel in the form of scattering loss is obtained from (4). In Fig. 3 those grids relevant to the to azimuth φ i and delay τ i are illustrated in shaded format. The received signal at the delay τ i and angle φ i is then computed by integration of the velues of the relevant grids. It is observed that this is identical to the Monte-Carlo simulation if the number of iterations in the simulation is considered large enough.
IV. MEASUREMENTS
The measurement campaign is introduced in this section and the APS predictions of the proposed model in contrast to the measured data are argued in the following section. The experiment discussed in this paper was accomplished in a street microcell scenario in the campus of Tokyo Institute of Technology. A RUSK vector channel sounder was employed with the center frequency of 5.2 GHz to measure the channel response in 5 MT locations and 3 different BS heights [16] . The set-up parameters are presented in Table I and the scenario of this measurement is shown in Fig. 4 . The transmitter antenna was installed on different heights for BS1, BS2, and BS3 at the point marked by BS in Fig. 4 . The receiver MT was located at 5 locations separated 10 m or less, marked in Fig. 4 as MT1 to MT5. In each case, 6 snapshots of the received signal were averaged and APS for each combination of 3 positions of BS and 5 positions of the MT are compared to the model predictions individually. 
V. AZIMUTH-POWER-SPECTRUM
The APS can reflect the spatial characteristics of a channel better than PDP which is a standard on the delay attributes of the channel. For the very same reason, it is more difficult to get an accurate prediction for the APS especially for the small-area-average or at-a-single-location values. In this section, the acquired APS from measurements are presented and compared to those predicted by the proposed model. The prediction of such a modeling for a typical street microcell scenario was presented in [15] . For the measurement environment discussed in this paper the situation is different as the layout of the environment is very irregular compared to the typical street canyon. It is observed from Fig. 4 that the building S6 makes the environment a blind alley for the electromagnetic waves, building S9 is protruding significantly in the street, and finally the open gaps between S9-S3 and S2-S6 have strong shadowing effects. Thus defining two SPDs for the building and street zones along the environment can not reflect characteristics of the complex layout of the measurement. Instead we divide the area into smaller subregions based on the structure of the environment and the SPD coefficients are selected according to the situation of the subregion relative to the BS-MT scenario, if it is shadowed or illuminated. Figure 5 shows layout of experiment II divided into 6 subregions. The predicted APSs as well as the measured data are shown in figures 6 and 7. It is observable that by tuning the SPD parameters for each subregion the predicted APS has a close agreement to the measured data. In Fig. 8 the measured APSs for all combinations of BS-MTs are presented. It is observed that measured values are very close over first three quarters of spectrum. The first quarter (0 • to 90 • ) mainly shows scatterings by building S5 in Fig. 4 . The sharp decrease of received power in the second quarter (90
• to 180 • ) is due subregions 1 and 2. These are shadowed for the BS and therefore strong scatterings could not occur. The third quarter (180
• to 270 • ) has a peak due to double scatterings from buildings in the north side of the street, e.g. S9 for MT1 and S3 for MT5. In the forth quarter (270
• to 360 • ) the spectrum for different BS-MT scenario can vary 10 dB or even more. This is because for MT1 to MT5, the north part of subregions 3, 4 and 5 can vary from shadowed and partly shadowed to visible. At one extreme is BS3-MT1, providing the lowest values, modeled by dashed line in Fig. 8 . The highest spectrum for this quarter is the one for BS1-MT5, modeled by the solid line also in Fig. 8 . As expected, it is observed that the spatial attributes of the channel are very sensitive to changing the position of MT even for few meters, which is up to a hundred wavelength for the experiment. Thus to acquire a precise prediction for small-area-average or at-a-single-location values of spatial attributes of the channel, e.g. APS, employing the site-specific information of the environment is necessary. In the proposed model, in comparison to the time and cost consuming ray-based algorithms, by employing a stochastic approach for SPD definition for the site-specific deterministically outlined subregions in the environment, the precise modeling of the spatial attributes can be earned. This could be accomplish by employing rough information of the environment with low computation cost.
VI. SUMMARY
A GSCM according to the physical propagation mechanisms in the street microcell for the dense urban areas was proposed. The model is site-specific and deterministically outlines specific zones and subregions employing rough information from the environment. For each of the defined zones an SPD reflecting the multiple-scattering mechanism is proposed from which the spatio-temporal attributes of the channel can be precisely predicted. The results obtained from measurements in a street microcell with an irregular layout compared to those predicted by the proposed model which exhibit a close agreement. The proposed model is simple and consistent to previous models for such scenarios. The model also accounts for diffuse scattering component and the scattering from objects in the environment. Furthermore, it can be easily extended to consider more complex phenomenas in the channel. 
